Protein energy malnutrition is associated with cerebral atrophy which may be detrimental to intellectual development. The aim ofthis study was to document the anatomical abnormalities which lead to the appearance of cerebral atrophy using magnetic resonance imaging (MRI) in the acute stage of kwashiorkor and to monitor changes during nutritional rehabilitation.
Protein energy malnutrition is an important nutritional deficiency world wide. In the last 40 years there has been significant progress in treating the acute effects of nutritional diseases, but the consequence of severe protein energy malnutrition on the developing brain is still ill defined.' A World Health Organisation (WHO) symposium concluded that despite the widely held opinion that malnutrition in early life jeopardises long term mental development, the evidence to support this opinion, especially evidence in man, is scanty. 2 Stoch and Smythe followed up marasmic children for 15 years from infancy to investigate the effect of food deprivation on intellectual development.3 4They concluded that intellectual performance was impaired in the undernourished group when compared with controls. As the control children came from relatively stable home conditions, environmental factors may have accounted for the difference in outcome between the groups. Winick has stressed that undernutrition does not occur in isolation, but is part of a complex mixture of risk factors of genetic and environmental origin affecting subsequent development.5 To overcome the environmental differences, Bowie et al used normally nourished siblings of the affected children as controls.6 These siblings had grown up under the same environmental circumstances as the study subjects. In a prospective 15 year follow up of children with kwashiorkor no differences in educational achievement were noted between the study subjects and their siblings.
The affective changes which are a hallmark of the acute phase of kwashiorkor are accompanied by structural changes in the brain. Househam and de Villiers reported cerebral atrophy in 12 children using computed tomography.7 Subsequently Househam found that the atrophy had resolved on scans performed an average of 14 months later.8 He concluded that atrophy was apparent and suggested that 'cerebral shrinkage' more aptly describes the abnormalities.
The aim of this study was to document and define the anatomical abnormalities in the brains of children with kwashiorkor using magnetic resonance imaging (MRI). As MRI is safe and non-invasive, repeat scans could be performed 30 and 90 days later to monitor the sequence of changes during nutritional rehabilitation.
Patients and methods Twelve children admitted to hospital for the treatment of kwashiorkor were studied; there were nine boys and three girls with a median age of 14-5 months (range 6-37 months). The diagnosis conformed to the criteria of the Wellcome classification of infantile malnutrition.9 Children with a history of convulsions or previous disease involving the central nervous system were excluded.
We assessed the children to have mild, moderate, or severe disease on the basis of their clinical findings. Thus, children with mild disease had hair changes (straightening and lightening), dry skins, minimal pitting oedema, hepatomegaly of less than 3 cm below the costal margin, and no superadded infections. Children with moderate disease had dry generalised skin changes and nappy rash, hair changes, moderate pitting oedema, hepatomegaly greater than 3 cm below the costal margin, and superadded infections. Children with severe disease had raw, weeping skin lesions, hair changes, marked pitting oedema with swollen palms and soles, hepatomegaly greater than 3 cm below the costal margin, and superadded infections (for example, diarrhoeal disease, pneumonia, otitis media).
On admission to hospital, the weight, height, 
Results
Of the 12 children studied, nine had moderate and three had severe disease. Head circumference was measured on admission in 11, and was within the normal range for 10 children. Six children had diarrhoea, one had pneumonia, and four had both. None of the children had meningitis or an infection of the central nervous system. There was an increase in weight and serum proteins over the 90 day period to within the normal range for age (table 1).
All the children had abnormal MRI scans of the brain. The abnomalities included widened cortical sulci (frontal, high parietal, sylvian fissures); widened interhemispheric fissure and cerebellar folia; enlarged ventricles (especially the frontal horns of lateral ventricles), and enlarged basal cisterns. The changes were compatible with 'cerebral atrophy' and were designated mild, mild to moderate, or moderate. In one child the changes were mild, in six they were mild to moderate, and in five they were moderate. By day 30, the majority of children showed an improvement in the degree of cerebral atrophy and by day 90 the changes had resolved in the majority (table 2) . The figure shows the sequence of changes in a representative patient. Grey and white matter were equally affected and myelination appeared to be appropriate for age.'0 There was no clear relationship between the clinical severity of the kwashiorkor or the serum albumin concentration on admission and the degree of cerebral shrinkage. Discussion MRI clearly demonstrated cerebral shrinkage in the acute stage of kwashiorkor in our patients.
Brain scans improved with refeeding and complete resolution occurred by 90 days in nine of the 12 patients. The underlying reason for the cerebral shrinkage is unclear and grey and white matter appeared equally affected.
In rats subjected to severe protein restriction, the lipid content of the brain has been shown to decrease. " Therefore, it may be postulated that loss of myelin lipid accounts for the cerebral shrinkage seen in our patients and it is feasible that restoration of lipid to the myelin membrane with refeeding accounts for the reversal of the cerebral shrinkage. However, in our study, the myelination was assessed as appropriate for age. Improvement in brain size was apparent on day 30 of nutritional rehabilitation in the majority of patients. This As the environment plays a crucial part in determining the outcome of the developmental process, the rehabilitation of children with kwashiorkor must include in addition to adequate nutrition, stimulation to provide for intellectual and emotional growth.
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